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ABSTRACT OF THE DISCLOSURE 

This invention relates to isolated and purified proteins, such as calreticulin 
and mimetfcs of calretfcuHn, for a novel use of modulating hormone responsiveness. 
These proteins are useful in gene therapy and in manufacturing pharmaceuticals for 
treating a variety of diseases, including cancer, osteoporosis and chronic 
inflammatory disease. The proteins include or bind toan amino acid sequence 
KXFFYR. wherein X fa eBher G, A or V and Y is either K or R. This sequence is 
present in the DNA-bmding domain, and is critical for the DNA binding activity, of a 
variety of hormone receptors, including glucocorticoid receptor, rnineroteortteoid 
receptor, androgen receptor, progesterone receptor, estrogen receptor, retinote add 
receptor, thyroid hormone receptor and vitamin D receptor. Proteins which bind to 
this sequence may inhibit hormone receptor Induced gene transcription. Proteins 
which include this sequence may promote hormone receptor induced gene 
transcription. The Invention indudes feulated DNA molecules for these proteins, 
methods of treating diseases using these proteins, synthetic peptides and their 
mimetics, and kits containing these proteins, synthetic peptides or their mimetfcs. 
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Novel use of Calmticuln in Modulating Hormone Responsiveness and 
New Pharmaceuticals far Treating Cancer, Osteoporosis and Chronic 

Inflammatory Dwoaoo 

BACKGROUND 0? THE MVENTtON 

This invention relates to isolated and purified proteins, such as 
catretJculih and mimetics of caJreticulln, for a novel use of modulating 
hormone responsiveness. These proteins are useful in gene therapy and in 
manufacturing pharmaceuticals for treating a variety of diseases, including 
cancer, osteoporosis and chronic inflammatory disease. The proteins include 
or bind to an amino add sequence KXFFYR, wherein X is either G, A or V 
and Y is either K or Ft This sequence is present in the DNA-bindIng domain, 
end is critical for the DNA binding activity, of a variety of hormone receptors, 
including glucocorticoid receptor, minefokx>rticoid receptor, androgen 
receptor, progesterone receptor, estrogen receptor, retinoic add receptor, 
thyroid homtone receptor and vitamin D receptor. Proteins which bind to this 
sequence may inhibit hcrmone receptor induced gene transcription. Proteins 
which Include this sequence may promote hormone receptor induced gene 
transcription. The invention includes isolated DNA molecules for these 
proteins, methods of treattog diseases using these proteins, synthetic 
peptides and their mrmetics, and kits containing these proteins, synthetic 
peptides or their mimettcs. 

The physiology of many organs in mammals is regulated by rwrmones. 
These hormones include steroid homwnes, thyroid hormones, metabdttes of 
vftamins, such as afl trans retinoic add, g-ds retinoic add, vitamin D and its 
met ab oWa 1.25 dihydroxyvaamin D3. These hormones are proteins and bmd to 
irrtracefiular receptors which regirJate expression of genes (OMaley, 1090). 

There are a variety of receptors which respond to hormones 
Osteoblasts and osteoclasts respond to steroid hormones, vitamin D and 
retinoteacid. Mammary epftheSal cefis and breast carcinoma ceils respond to 
estrogens, progesterone, retinoic acid and glucocorticoids. Lymphoc y tes 
respond to glucocorticoids. 
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The response of receptors to hormones is paitcularty important In the 
development of a number of diseases, including cancer, osteoporosis and 
chronic Inflam m atory disease. For example, the vitamin D receptor is strongly 
Implicated in the evolution of osteop o rosis (Morrison el el, 1904). 

The hormone receptor family is caled trte nuclear hwrr»iie receptor 
family and consists not only of receptors whose ligands are known, but also of 
an increasing number of orphan receptors whose ligands are unknown 
(CMafley. 1990). 

The nuclear hormone receptors can be divided Into several domains 
which Include the hormone (ligand) binding domain, the DNA-binding domain 
and the transadivation domain (CMafley, 1990). The DNA-Wndlng domain 
consists of two zinc fingers and is responsibte for tr« receptor's biriding to Ihe 
DNA response etemento which are feuridht^prorriotera«l enhancer regions 
of the genes whose expression are regulated by ttiese receptors. Once a 
hormor»b4no* to to receptor, tto 
genetraracriptton. 

Proteins which modulate hcfmer» receptor iridu©edger»ta^ 
are poorly understood. Such proteins are present In the nucleus of the eel end 
inhibit or promote the binding of a hormone to its receptor. 

To help design ptarmarceuticats and freraptes for certain diseases, one 
must understand the function of certain intracellular proteins and their role in 
modulating hormone responsiveness. Isolation and purification of these 
proteins would help in assessing whether they inhfoit or promote hormone 
receptor Induced gene transcription. Once such proteins are isolated, 
manipulation of such proteins could further Inhibit or promote hormone 
receptor induced gene transcription. Synthetic peptides which bind to such 
proteins could be used to promote hormone receptor induced gene 
transcription. Pharmaceuticals including such peptides or their mimettcs 
could be used to inhibit hormone receptor Induced gene transcription. Gene 
therapy could be used to inhibit or promote hormone receptor induced gene 
transcription. 
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A need exists to identify amino add sequences that are conserved in 
hormone receptors, so that particular peptides and proteins may be designed 
and used in modulating hormone responsiveness. This would lead to 
improved methods of treating a variety of diseases, disorders and abnormal 
5 physical states in a mammals by regulating hormone receptor induced gene 
transcription in mammalian cells. 

Ctureticufin has been considered to be a resident protein of the 
endoplasmic reticulum of a cefl, where it is triougM to behave as a calcium 
binding protein due to its high capacity calcium binding properties (Michalak er 
10 at, 1992). H has been suspected that calreti(Xilhbal80|)resertlntherHic^ 
ofacetKOpaserai, 1991), aiid ft has been slx>w to r»ave a consensus 
nuclear localization sequence (Michalak. 1992) wWch is highly h«no^ 
thatofhistonepiotete. However, before this irtverioon, its presence in the 
nucleus was unuun ft ine d and is function in the nucleus was unknown. 

is 

SUMMARY OF THE INVENTION 

TWs invention relates to an isolated and pumTed product for use in 
modulating hormone responsiveness. 

In one ease, the product for modulating hormone responsiveness is 
20 calreticuiin which inrdbBs hormone receptor induced gene transcription. In 
another case, the product is a mimetic of calreticuiin. The product binds to 
the amino acid sequence KXFFYR, wherein X is G, A or V and wherein Y Is K 
or R. 

In another case, the product for modulating hormone responsiveness 
25 isanantjliodytocalreticuBnorashortpeptide. Such an antibody or peptide 
could promote hormone Induced gene transcription by Inhibiting calretteuSn- 
hormone receptor interactions. ThepeptJdemay be one selected from a 
group consisting of: KGFFRR, KVFFKR, KAFFKR, KGFFKR, TGFFKR, or 
modfed derivatives of these peptides. 
30 The invention described In this patent appBcation includes an isolated 

DNA molecule encoding an amino add sequence for use In modulating 
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hormone responsiveness. The isolated DMA molecule may encode the 
amino add sequence for v alreticuHn. ft may encode the amino acid sequence 
fbrpartofamimetieofcaireticulin. It may ereode a first amino acid 
sequence that binds to a second amino acid sequence KXFFYR, wherein X is 
5 G. A or V and wherein Y is K or R. 

The invention descrfoed In this patent appBcation includes a method of 
treating a disease, disorder or abnormal physical state in a mammal by 
regulating hormone receptor Induced gene transcription in a ceil. The method 
could include regulating the activity, quantity or stability of a protein for use in 

10 hormone receptor induced gene transcription. The protein could be one that 
includes or binds to the amino add sequence KXFFYR, wherein X b G, A or 
V and wherein Y is K or R. One protein which binds to such sequence Is 
calreticulin. The hormone receptor could be one selected from a group 
consisting of: glucocortic o id receptor, mmenoicorDcoid receptor, androgen 

15 receptor, progesterone receptor, estrogen receptor, retinote add receptor, 
thyroid hormone receptor, vitamin D receptor and orphan receptors. The 
disease or disorder could be one selected from a group consisting of breast 
cancer, prostate cancer, prornyetocytic leukemia. spHd tumors, chronic 
inflammatory disease, such as arthritis and osteoporosis. 

20 The method of treating the disease could include administering to the 

mammal a pharmaceutical comprising the protein, or an organic mimetic and 
a carrier. A suitable carrier could be a lipid vesicle. As an alternative, the 
method could include decreasing or eliminating the quantity of cairebcufin 
present in the cett; or decreasing the stablity of calreticulin present in a ceil. 

25 The invention described in this patent application includes a kit 

containing a pharmaceutical comprising a protein for use in modulating 
hormone responsiveness together with a carrier. The protein included within 
the kit would be one that binds to the amino add sequence KXFFYR. wherein 
X b 6, A or V and wherein Y is K or R. Such a protein would Include 

30 calreticulin or a mimetic of calreticulin. 
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definitions 

In this application, the following terms have the following meanings, 

unless tha context requires otherwise: 

"A" means adenine 
s "Binds" means that under given conditions of tonic strength and 

temperature, a particular product binds to a substrate 

"EDTA" means emytenediaminetetraaoBtlc add 

"EOF" means Epidermal growth factor 

"EUSA" means enzyme-linked frrwujnosorbent-assay 
10 means phenylalanine 

"FOF" means Fibroblast growth factor 

"O" means gr/slne 

•WLC" means high performance liquid ch romatography 
"IGF" means tosuivike growth factor 
15 "IL-6* means IrrteneuWn 6 
"K" means lysine 

"KXFFYR" means an amino acid sequence, wherein X ta G, A or V and 
wherein YbK or R 

"p60" means a 60 kOA protein, caketiculn 
20 "PAGE* means poryacrytamide gel etectrophoresis 

"Peptide" includes amino adds, peptides, polypeptides and proteins 
"R" means arginine 
"T means Threonine 

"TGF-B" means Trartsforming growth factor - p 
25 "V" means valine 
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DESCRIPTION OF DRAWINGS 

FIGURE 1A shows the isolation of p80 (calretlculin) from nuclei by 
affinity chromatography on KLGFFKR-sepharose. 

FIGURE 1B show* inminofluorescent corrfbcal Images of TE-85 
5 human osteosarcoma eel nudei stained wvfth an antibody 

against calieticufin. 

FIGURE 2A shows that preincubation of purified p60 (calreticuBn) with 
the recombinant receptor resulted In a doae-dependert 
bihfcttion In tie formation of the complex between the 
10 leceptorandtheDNA. 

B shO¥«thatrecombinartcarreticuKn inhibits the binding of 

the androgen-receptorto its response element. 
C shows that co-tranafectton of the catreBcuHrvcocrt a l n ing 
ptasrnid resulted in a dose-<iependent InMbition of 
, 3 chloramphenkxjlacetylbwisfer^ 

androgen receptor. 

FIGURE 3A shows that overexpretston of calretteufin by calretlculin 
cDNA trarafecbon in p19EC cede dramaticaiy 
suppressed neuronal dVferenaalion, as judged by the 
20 expression of a specific early marker of neuronal 

differentiation class III p-tubulln 
B shows that overexpression of calreticulln by calreticuHn 
cDNAtransfection in p19EC cells dramatical 
suppressed neuronal differentiation, as judged by the 
23 expression of a specific early marker of neuronal 

differentiation class III fttubulin. 
C shews the modulation cfr^ronal differentiation of P16EC 
cells by different levels of expression of calreticulin: (D) 
shows the increased levels of calreticuBn inbibM neuronal 
30 differe n ttotton. (F) shows the decreased levels of 

calretteuln enhance neuronal differentiation. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

A highly homologous amino acid sequence, KXFFYR (where X Is either 
G, A or V and where Y is either K or R), has been found to be present in the 
DNA binding domain of all known members of the steroid hormone reoeptor 
family (Fuller, 1901), and amino adds in this sequence make direct contact with 
nucleotides in their DNA responsive elements, and am crucial for DNA binding 
(Luisi, 1991). 

By way of example, the amino acid sequence of the DNA binding 
domain of RAR is set out below: 



C Y H • C*H 

S Y S Y 

S C S C 

K • V K V 

OS OS 

Q A Q A 

'° E «"\/\ 

C c "c c. 

K P K QFFRRSI QK..NMVY E VQMSK 

RXR KQFFKR 

TM K Q F-F R R 

VW? KQFFRR 

_ OR KVFPKR 

20 «H KVFFKR 

A* KVFFKR 

en K A F F K R 

XQFFKR: Caireticufln Binding Sequence in Irrtegrin a Suburtite. 

Naturally occurring and recombinant caireticufin, Inhibit the binding of 
25 receptors to DNA. Thus, catrefcuOn and proteins which mimic catreticuSn 
modulate nuclear hormone receptor regulation of gene transcription. 

CalreticuSn binds to nudear hormone receptors by interacting with the 
ammo acid sequence KXFFYR The irteractibn results in a profound inhibition 
of nuclear hormone receptor DNA binding activity which can be reversed by 
30 soluble competing synthetic peptides with the generic sequence KXFFYR . 
The inhibition of DNA binding by calreticuiin can also be reversed by an 
antibody to caireticufin. Transient or stable overexpression of calreticuiin by 
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cONA tranafecbon also results in the Inhibition of nuclear hormone receptor 
induced gene transcriptional activity. Furthermore, decreased expression of 
calreticulin by stable tramfecbon of antbense calreticulln cONA results in 
increased sensitivity of the ceils to hormones due to the increased 
5 transcriptional activity cftr>e nuclear riorm 

Hence, a proportion of nuclear rtormone receptors may be occupied by 
calreticulin in a constitutive maimer, and d e crea se d regulation of expression of 
calreticulin may therefore result In an effective increase in the number of 
unoccupied receptors lesdmg to increased transcriptional activity of these 

to receptors. 

Bytrferrwrrtion,rarrTK>rt^ 
increasing or dec rea sin g the Intracellular umue n uatiun of cabefcuBn. or (6) by 
inhbiting the interaction of calrefjculin wHh nuclear hormone receptors by 
peptides, peptide mimetics, and antfcodies against cabBticufin or the KXFFYR 

is sequence. 

The nuclear hormone receptors thath^dwtthcalnstk^tn iwiude 
androgen receptor, retinoteacid receptors (RAR and RXR), glucocorticoid 
receptor, and the vitamin D receptor. In all of these cases, calreticulin inhfoits 
receptor binding to DNA, and overexpression of cabreticuBn results in an 

20 inhfcrlion of receptor mediated transcriptional activity, Inthecaseoftheretinote 
acid receptor system, the decreased regutatton of expression of caireticugn 
results In an increased sensitivity of the caBa to di ff er e n ti a tion by retinote add. 

For the following examples: ceil lines were obtained from American 
Type Culture Collection - ATCC; Chemical reagents were purchased from 

25 Sigma Chemicals, St. Louis, MO; BioRad, Rfchmond, CA; and Amereham 
Corp., OakvUle, ON; Radioisotopes were purchased from Arnersham Corp., 
Oakvilie, ON; Peptides were synthesized by HSC/Pharmacia Biotechnology 
Service and Department of Clinical Biochemistry, University of Toronto; 
Oligonucleotides were synthesized by University of Toronto - Carbofiydrate 

30 Research Group; Centrifuges used were from Beckman or Eppendorf. 
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Example 1 Calretteulln it Present In Nucleus of Cella 

The conservation of the KXGFFYR sequence in the a-subunits of 

integrins is shown in Table I. 

A computer search of the Swiss protein data bank for the presence of 
j this sequence motif in other proteins revealed that a highly hanotogous 

sequence is present in the DMA binding domain of ali members of the nuctear 

rwrmone r&ceptore (Table 1) (Fuller, 1991; Carson-Jurica.ef a/.. 1990). 

Because amino adds in this motif have been demonstrated to be essential for 

the bWirig of nudear hormone recefjtors to ^ 
io (Luisi el a/., 1991 ; Halrd ef a/., 1990). we wanted to determine whether a 60 

kOa protein isolated by affinity chromatography on a KLGFFKR-sepharose 

affinity matrbt (Rcfani ef at, 1991) could maiulate DNA binding and 

transcriptional activities of nuclear hormone receptors. 



Conservation of an Amino Add Sequence Motif In the rntegrin Atpha- 
aubunM Cytoplasmic Domains and In the StaroM Hormone Receptor 
Family 



Integrins* Steroid Nuclear Receptors 



a1 


KIGFFKR 


RARa 


ACEGCKOFFRRSIQK 


a2 


KLOFFKR 


TjRb 


TCEGCKGFFRRTIQK 


a3 


KCGFFKR 


VDR 


TCEGCKOFFRRSMKR 


84 


KAGFFKR 


GR 


TCGSCKVFFKRAVEG 


a5 


KLOFFKR 


MR 


TC6SCKVFFKRAVE6 


e6(A) 


KCOFFKR 


AR 


TCGSCKVFFKRAA AG 


aB(B) 


KCGFFKR 


PR 


TCGSCKVFFKRAMEO 


a7 


KLOFFKR 


ER 


SCEGCKAFFKRSIQG 


a8 


KCQFFDR 


RXR 


SCEGCKGFFKRTVRK 


(chick) 








av 


RMQFFKR 


Steroid 
receptor TR2 


TCEGCTGFFKRSIRK 


Mac-1 


KLOFFKR 


Nerve 


TCEGCKGFFKRTVQK 



growth factor 
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induced 
protein 1-B 

p150 KVGFFKR Earty TCEGCKGFFKRTVQK 




NAK1 

PS2 KCGFFNR Choflon SCEGCKGFFKRTVRK 
(Orosop Factor \ 

hfla) 

In Table I, the sequences indicated with an asterisk were obtained as 
described in Rejtani of a/, 1001. GR: Ghjeortteotd receptor; MR: 
r^neroicorbcold receptor AR Androgen receptor; PR: Progesterone receptor 
ER: Estrogen receptor. 

Akhough caheticuBn contains a KDEL motif at its C-terminus and b 
therefore thought to be resident in the enoSpIasmteietaifamfM^^ 
1990; Riege! are/.. 1989; Mchalakefa/., 1992). it also has a nw^ targeting 
signa](McCaullf!eere/l, 199a, Michalak ©rat, 1992; Manhitf era/., 1985), 
raising the possfcUty that this protein is also pieesrrt in the nucleus (Mtenalak el 
a/., 1992). The presence of p60 in nuclei was demonstrated by affinity 
chrornatograpny of human osteosarcoma ceH (HOS) nuclear extracts on a 
KLGFFKR-affinity column (FIGURE 1). 

Nuclei were purified from HOS celts by established methods (Luisi et al. , 
1991). The purified nuclei were either lysed in PBS containing 1 % Triton X- 
100, 0.1% SOS, 0.5% sodium deoxychoiate and 1 mM PM8F, or were appfed 
to a glass coverefip and stained for nuclear antigen with anti-nuclear 
rnonodonai antibody MAB1218 obtained from Chemfcon tot Inc., Tamecula. 
CA. The nuclei were visualized by irxfredi^^ The total 

cefluiar or nuclear extracts were subjected to affinity ch jorrato gr aphy on a 
KLGFFKR-affinity matrix, and the p60 isolated (Rojiani ef a/., 1991). 

CeH extracts were prepared from whole celts or from purified nuclei and 
applied to KLGFFKR-eepharose affinity matrix. Bound proteins were etuted 
with EDTA and analyzed by SDS-pc^vecrvlarnide gel electrophoresis (Rojiani ef 
al., 1991). The separated proteins were electrophoretically transferred to 
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nttrocellulcee fitters and probed wto an anlkalietainartfcody. In FIGURE 1, 
Lane 1: Total ceftilar extract, Lane 2: EDTA eluted material from affinity cotumn 
to which total celular extract was applied; Lane 3: Nuclear extract; Lane 4: 
EDTA ekrted material from affiniy cotumn to which nuclear extract was appfied. 

s Arrow ndk^ the pc«^ of pfJO. 
IndiredlrrwundKiwesra 
caaetjcu&n antirxxtyalaodeiiMtsuated Irtranudeercatreticufin expression, as 
shown in FIGURE IB. certocalmlcroecfloywaacarrW 
MRC 500 system. Note trie mNwnxleolar.intrar^ 

to and (b), end the complete exc*js^ 

These data suggest that the expression of cafc^fc^ In Ine nucleus be 

regulated process. 

TtteaeiBSute confirmed the pie 

protein In nuctel 

is 

Example 2 The8ec^ienceiO(FFrllla r^ ei it lnAnKnown 
Me re bo r e of the Wucleai Re c e p to r FamBy 
AaehcwnlnTablil,theiequenc*rO(FFYRto 

mentasofttemiclearraoBptorfaj^ The rec^oom^Wng mis sequence 
20 in the WA^ing domains off these receptorehw been shown to play a 

crucial role in DNA sequence recogntion (Luisl ef e/.. 1991). Thuacalietteulin, 

by btodlng to Into cownon sequence modulates the 

the receptor famBy to DNA. By way ^example, we have deiiMislrated the 

lnhlxe»t>y<aJreticullno^ 
25 response element (see Examples 3 and 4) and cflheieitocteaeidiecepter 

heterodtaier corr^ (RARffOu^ 

5). 

Examples AW«y of Cahettodei to Modulate 
M HefmomReceptoffateVlbo 

To determine whether p80 (eatreocufln) could directly modutate the 
binding of nuclear hormone receptors to DNA via the KXFFYR sequence, the 
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Interaction of the DMA binding domain of recombinant androgen receptor w«h 
its homione responsive element was analyiedbycariyingoutgeliiwc^thit 
assays. 

As described k* Rennie erf a/„ 1993, DNA binding domain of recombinant 
rat androgen receptor was prepared as a GST-baton prob* ^lsingmepGEX- 
3X\rectDral^dpultBedbygJg^a^^ P*° 
(calreticulin) was purified by afflnly chromatography on KLGFTKR-sepharose, 
fbrflwedbyc^deuuuphcf ^ 

Purised ARand p80 (ealreecutin) vrere found to be greater tri^ and 95% 

pure, respectively, as detennined by SDS-PAGE and Ccomassie Bfce staining. 

Recombinant catabouHn (GSTJuslonpic^)waapiepefedasdee 

Baksh and Mchahk. 1991. Gel retardation assays were carried out as 

described by Ronnie et at, 1993. To anatya the effect tfpfJO. or 

casetlcuIn.onrecepttjr.^ 

peX)1c/ 30 rnln at 4^/Toanatyza the effect 

eahetJcuin ain^ody, and rlcfMn^ 

tie peptide, artlwdywIgG were or^ 

The androgen receptor preparation was then ar to these nibam and 
further incubated for 30 mln at 4'C. 

Affir«y purified DNA biitda^ 
receptor (AR) waa pro-lncubatod wBh or wlrioutthe hdk^ concentralions of 
pur9edp80aM%;for30min. After tWspfe^ricubation the reacttonr^ 
were incutMtedwtth labeled 28 base pair ARE (Rennle ef a/., 1993) 
(awirco^ response eJanwrt),^ The 
ssquence of the ARE used was: 

5* GTAAAGTACTCCAAGAACCTATTTgt 3* 
3' CATTTCATGAGGTTCTTGGATAAAca 5* 
In FIGURE 2A, the following laites show the fotowlng results: Lane 
1^-4aDetedAREbyrtse^Uiw2:Retaro 

preincubation of 0.1 1rng of purito ' 
Effect of the addtton of a 28-fokl niolar excess rfrXGrTKR synthetic pe*We 
to p60 on AR-ARE binding. Lanes3.5,7, 49: Effect of Increasing 
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concentrations of pBO (from 0.11 mg to 0.33 mg) on AR-ARE binding; Lanes 4, 
6, 8. & 10: Reversal of p60 Inhibition of AR-ARE binding by KLGFFKR peptide. 
Lane 1 1: Effect of addition of ant>calreliculin anUbodytop60lnhibillonofAR- 
ARE binding. Lanes 12-15: Increasing amount* of p60 in the presence of arrti- 
cairetioriin antibody. ineraasinglhepdOeor^lrBlionoveroornee 
antibody on p60 inhtoWon of AR-ARE. 

In FIGURE 2B. the fotowing lanes show the following results: Lanel: 
*P4abeBed ARE alone; Lane 2: Retardation efAJ« by AR In the presence of 
glulhathioiie-S-bensferase (GST); Lane 3: Inhibition by GST-cafretteuIln (GST- 
calroticuBn) of AR-ARE interaction; Lanes 4 and 5: Reversal of thfc. mhibWon by 
KLGFFKR peptide; Lanes 6 and 7: Inability of the scrambled peptide 
(KLRFGFK) In reversing the effect of calreticuln on AR-ARE irrteractfon; Lanes 
8 and 9: The peptide KVFFKR can also reverse the Inhibition by ealreticufln of 
the AR-ARE interaction. Tr» concentration of calretlcuBn used was 2 mg and 
the peptides were used at a 50*H motor excess corwentratfon. 

As shown In FK3URE 2. the migral^ 
androgen responsive element residing at pceMona-115to.l40oftherat 
probasingene promoter (Ronnie efa/., 1993) was retarded by the androgen 
receptor »IA4>»ndii>gdwTiai^ 

the receptor and the DNA (Ronnie et a/., 1993). Pre-irwubationofpurlfledp80 
(calraticutin) with the recorrMnamreceotcr resumed in a dcee-dependent 
inhtoitton in the formation of this complex (FIGURE 2A, lanes 3, 5, 7, & 9). The 
sequence specfflcfty of this inhlbffion was d e monstrated by the finding that the 
irthbition by p60 (calnstkwSn) oi reo 

addition of competing KLGFFKR peptide (FIGURE 2A, lanes 4, 8, 8, & 10) or 
KVFFKR (FIGURE 28. lanes 8 and 9), whereas a scrambled peptide 
(KLRFGFK) was much less effective (FIGURE 2B, lanes 8 and 7). An antibody 
to caketiculsi, which crces-reects with p60, also reversed this inhibition by p60 
(FIGURE 2A, lane 11), dernonatrating p60 specificity. Non-immime IgG did not 
have any effect on the inhibition of receptor-DNA interaction by p60 (FIGURE 
2A, lane 15). Furthermore, neither KLGFFKR peptide, antkaketiculin 
antibody, rw non-immune IgG by themselves had any effect on the receptor- 
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DNA interaction (data not shown). p60 did not effect the binding ofAP-1 to 
DNA, and other proteins of almlar size (e.g. bovine serum albumin) also did not 
have any eftW on trie iwdear receptor 

Recombtoant cahetteulln (obtained from Dr. MtohaJak, Edmonton, Atta) 
(Baton ef a/., 1991), m the form of a GST-fusion protein, also inhibited the 
binding of the ardrogeiwaceptor to its response element (FIGURE 2B, tone 2), 
and this inhibition was also ravened by KVFFKR peptide, (FIGURE 2B, lane 2). 
but not by a scrambled peptide KLRFGFK (FIGURE 2B,lar»1)corifirr^ 
the p60 purified on the KLGFFKR affinity matrix rod caketiculin are functionaly 
simiar In terms of binding to nuclear hormone receptors, and that a synthetic 
peptite, KVFFKR cm competitr^ i 
KVFFKR sequence of the androgen receptor. 

Example 4 biNbWw of Tranw^ 

To detetniine whether calnrteia^ 
activity of the androgen receptor in ^expression vectors c«it^^ 
ler>gthcalretkxdin(M(^urlfee^ 1990) and androgen receptor (Remieef 
a/., 1993), cDNAs were co4aiisfected into Vero fferobtaets together wRh a 
chlwamphenicolace^ 

rnarrmaryturrwrvtusO^ MMTV-LTR 
contains androgen reepenea elements (Ronnie ef aL, 1993). 

FIGURE 2C shows inhibition of androgerMnduced CAT activity by 
calnstteuln. VerofforeWastowerecotraiisfBdrt 
vector and various amounts of a calretfculin expression vector and the pRC- 
CfcfV vector atone (Invih)^ 
a/., 1992). InettfrajislsctMSlOrrqof^ 

and 10 mg of an androgen receptor expression vector (Seed efaf , 1988) were 
included. Transfected cefta were incubated In medium atone cr in the presence 
oMWnMR1881(synthettearidr^ Cete were then lysed and 

CAT activity measured (Seed ef a/. . 1 988) . An aliquot of the cell extracts was 
also assayed for f>^alactosldase activity. This activity was used to standardize 
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the measurement of CAT levels In each «qpewi»nt by takb^ into accounts 
efficiency of the transfectkm. Every sample was tested in quadruples* and 
the average activity calculated. C^Toctrvtty IrKlucten as carted as trie ratio 
between the standardized CAT activity of the R1881 treated cetts and the 
corresponding untreated cutures. The Vero eels were grown in a-minimum 
essentiai mediurn containing 10% charcoaMreated calf serum. 

As shown in FIGURE 2C, co-trarnfection of the calreticulin containing 
plasmW resulted in a dose depended inhfeftton of CAT activity inducied by the 
androgen receptor. Furthermore, inrrHmopreciDitation of calreticulin from *S- 
metrtiorwie/cystetne labeled, androgen receptor transfscted Vero ceUs, resulted 
infoecc-cwftaatiOTCfthell^ 
Mwacticn between calreto^ 
LeurifrHageateijn, unpublished observations) 

These data demon stia te that not only c an cahetfcugn bind to the 
arriregm receptor DNAbind^do^ 

androgen response elements In vflro, 1 can atolnrWIhetraMCilpttonal 
actr^dthe androgen receptor AlcNwgh other 69 kDaprrtrtr» have 
been fmirid in complnoe win 

af., 1992;Taief a/., 1992), they are distinct from caJrebcuin, and none of them 
have an effect on binding of the receptors to their DMrasporeh* elements. 

Examples Regulation by Catotkuim of fo^ 
mdiicedOeneTrariserfptton 

In order to o^nioistrate a physio^ 
calreticulin cot bM to tte DM 

and moduiata their transcriptional activity, we utj&zed a retinoic add responsive 
system i.e. me indudton of rtetiror^ 

erhbryonal carcinoma cefe (McBurney er at. 1992). We predicted that 
increased expression of caJretaiin wouki suppress retinoic acid induced 
rteurorri differentiation, wfieieas decreased expression would result in the 
release of calreticulin inhibition, and allow for a more rapid rate of neuronal 
differentiation. 
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The ful! length 1-9 Kb ealreticuin cDNA (McCauliffe era/., 1990) was 
obtained from Dr. R.D. Scntheimer, Texas and was subctoned Into pRCTCMV 
(Invitrogen, San Diego, CA) expression vector in the sense and antoense 
orientation. pRCiCMV. pRC/CMV-Cel-1 (sense), or pROCMV-Cal-2 
(anfeenee) expression olaamids were then transfected into P19 ernbryonai 
carcinoma cefls by electroporaticn. Neomytiiwesistant transfectant ceils were 
then selected by growth in the presence of 600 mg/mlG418 and the resistant 
ceils were maintained in 100 mg/ml G-418. CaU and CaW transfectants were 
subctoned by limiting dilution, and the subclones were screened for calroticulm 
expression by Western blot analysis of cefl rysalwwrthanaittkalretoJlm 
antibody (Rojiani 6i a/., 1991). Relirwicacidiieuioi^drfrer^ 
WucedasdeserioedprevtousM 1991) 
and dats fll p-tubutin expression was analyzed by Western blotting with a class 
III p-tubuln monoclonal artibody (TuJ1). This antfcody was obtained torn Dr. 
A. Frankfurter, University of Vkglnia. CrrarkxtesvBe, VA, USA. The bRARE- 
luciferese traraiert trartsrections in p19 (Neo), CaU and Ca*-2 celis were 
cafnedoutasdeecrttMdinTinlera/., 1993. The vector bRARE(3) tk-LUC was 
constructed by Inking 3 copies of trie 32 base pair seqMsnee the* d 
RARE upstream from the RAR-b gene (de The, ef a/., 1990; Sucov et a/.. 1990) 
to ttie rriniirial trrymkJine WnaM 

The level of calretlcuBn expression was estimated by VVsstem Mot 
analysis of cettular lysates (RojlanlefaJ.,1991)fc*o^ 
scanning. For Northern Wot analysis total cellulaf Rr^(15mg)fromthe 
Indicated cefl lines was hybridized to *-P-tebeted CRABP{H) cDNA (Gkjuere et 
si., 1990) s*65"C using Rapid Hyb buffer (Amersham Corp.). The Wot was 
stripped and reprobed wtih a mouse acthcDMApiobe to d>eek for eo^ 
loading of RNA Values tor retatrvemRNA levels were derivedfrom 
quantitation of the signal in each laiwusirfl a Molecular Dynamics 
Fltcephorinwger. CRABPII mRNA levels were normalized against the 
corresponding actm mRNA signal. 

The level of expression cfoalretfcuKn was modulated in P19 EC cells by 
transfectkxi with catretfculln cDNA inserted m the sense or antisense orientation 
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in the pRC/CMV (Invitrogen Corp., San Diego, CA) expression vector. P19 EC 
ceH subclones oveiexpressing carreticulin (CaH), or anti-sense transfectants 
with reduced caJreticulin expression <Cai-2), as welt as control transfedad celte 
(Neo), were subjected to induction of neuronal dif fer entiation by retinoic add as 
described previously (McBumey ef a/., 1982; Dedhar or a/., 1001). The 
expression of neuron-specWc class III fMubulln (Lee at at, 1990; Alexander ef 

al., i99l)wastr»enanaryz»d48hrCA)or72hrW 
retinoic acid (5 mM). CaM (1A2and 102) clones were toansfectad with 
pRC/OJrV containing calreticuln Cal-2(1A4 
and 1B4) clones were transfscted wih pRC/CMV containing calreticuln cDNA 
In the anti-sense orientation. (QrEffectof levels of calretteufinexpreestonon 
retinoic acid mediated neuronal differentiation. 

Cere were stained with anti-class III B tubiJlinanlfcc^au^WlCTwedby 
FiTC conjugated secondary antibody as described above. A and B: P19 (neo) 
EC eels; Cand D;P19-CaM EC ©aw: E and F: PIOCaWECotis. A,Cand 
E; untreated cote. B.Dand F: 6 days at RA (0.5 ^iM) treated ceOs. The eels 
ware visualzed using a Zeiss Axtoscop m too so ope under ol stwtw^ 
prK)tc^pr^vn^KoaekT44ax400fflrn. Magnification 100 X. 

As shown in FIGURE 3A and B, overexpresalon of calreticuiin (CaM), by 
calreticufin cDNA transfection in P19 EC cehs Indeed dramatically suppressed 
neuronal differentiation, as judged by tile expression of a specific early marker 
of neuronal Differentiation, dass III 6-lubuBn (Lee ec at. 1990; Alexander er eL. 
1991). In contrast, decreased expression of calreticuln (CaW), by anti-sense 
catretioufincDNAbansfectior^ 
class III pMubufin. 

FIGURE 3C dearly shows the inrUbtJon of neuronal differentiation by 
calreticuBn overexpression and enhanced olfferenbation by diminished 
calreticuln expression. 

The etaxaofcalreticulin leveb wietlrwie acid Induced neuronal 
drfferentiation occurs via the direct regulation of retinoic acid responsive ganes, 
as d anunabated by an Inverse relationship between calreticuiin expression 
level and RARE-driven tudferase gene expression (Dedhar et a/.. 1994). 
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Furthermore, the endogenous regulation of expression of the retinae add 
responsive genes. CRABPII (Qifluere at ai, 1990) and RAR-b (de The, at aL. 
1990; Sucov at oJ., 1990) are substantely decreased in CaM transfectante, but 
are either unchanged of slightly increased in the caNttaiBrrtntlsenae Cal-2 
transfectants (Oedhar at a/., 1 994). 

Collectively, these results demonstrate that catettcuKn, by binding to the 

conserved KXFFYR sequence In the DNA bindiiigdc^ndmictearrwnwte 

receptors (Table I), can rrediiate gene expression and ceWar prwwtypee. 

suchasosfldflereritiatov oarefcuHnmay also behave as a signal modifier 

by tramkH^ l»tween the radew 

showntob^viaanl&Hitlcal 

the ct-aubunte of integrin receptors (Rojiani at*., 1991). 

Examples KLOFFKR Modulatoa Retlnele^liidueedOeiie 

Transcription tn VNo 
In order to teat whether a peptide bated a»thecalrelicuin*inc*^ 
KXGFFKR sequence could rrwdulatB retinoteadd IrKhiced gene transcription in 
Irvecela, Ihe p19 cete vrere transte^ 

rothoicaddiespofiaeeleirawt^ Sinoetheaeoals 
contain endogenous retinoteadd recef^RARandrWtreatTientwih 
remote add results In an irx^^ 
Table II). 

CeU culture conditions: Mouse emrxyonic carcinoma (P19) cel. grown In 
60 mm dishes in 7.5% donor calf serum, 2.5% fstal cat serum alpha MEM 
(Gibco/BRL) were treated wim tte 

rK>uniorovemigMfor20hoursat3rC. 5% COj. VVUhflsw exceptions, 
KLXFFKR b the peptide sequence specific witr^ the binding dewatortaa 
steroid receptors. KLRFGFK is tie scrambled peptide of the above sequence. 
Subtequentty each plate was washed four times w«hsemm1ree alpha MEM to 
> renxn* excess wtideearrir^ 
Cells were then traralec^ by ataw^ 

method (Current Pmtocob m Molecular Biohgy 9:1) with 1 microgram bRARE 
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In pTKluc, 1.5 microgram pRSV bgal, 3 microgram pKS (carrier) per 60 mm 
dish. Folowing a 16 hour incubation at 37*C 5% C0 2 , each plate was washed 
two times with serum tree alphaMEM and replenished with serum containing 
media supplement with 10 7 M retinoic acid (Sigma R2825) and 800 
5 microgram/ml 64 "3 (Glbco 1 181-031). Following another 24 hours incubation 
cells were washed three times with PBS a 

r/sed In 100 microliters of 1%tritonX100, 100mMKPO 4 pH7.8, 1 mMDTT. 
Cellysates were stored at -70*C. Prior to tucMerase/bgal assays, cell debris 
wen spun out on an Eppendori mfcrofuge (S41SC) at 4*C full speed fcr 20 
io minutes. 

Luriferase assay: Al reagents wweequBferatod to room tsrnperat u re 

and each sample was assayed mdependentty. TenrnicroCteraof ceBlysate 

wasincubatBdwim50micn>^ 

Eppendorftube. TNrtysecc^s later, thaaarapb was inr^ 
is BeckrnansdrrtaJatkxicajrter(LS60X)0IC)T^ 

window. Standards in the range of 0.001 nanogram to 1.0 nanogram was used 

to establish the Snearity of the assay. 

Beta-gat assay: Assay was donein a mfcrottoe plate (Unbro 76-232- 

05). Tenrrici©«B»tfcelr/satewa^ 
20 in 88 mM phosphate bufler, 11 mMKCI, 1 mM MgCI* 55 mM 2ME, 4.4 mM 

chlorophenol red b-T>{|aiadDpyranoside (BMC 884-308). Incubation period 

varied from 30 minutes to 2 hours at 37*C. Results were read at 570 nm in an 

EU8A reader (Dynatech MR5000). 

The pre-incubation of these cats with the specific KLGFF1W peptide 
25 resurtedtnaatae-dependerrtErxreaseh 

stimulation of the leonoic add receptor mediated gene transcription (Table II). 

Thepre-tocub8ticflofacoritrol.8cr^ The 

transaction efficiency was contrafled by co4ransfectton of the p-galactiosidase 

gene and the subsequent measurement of frgalactosidase activity as 
30 described above. 

These results provide strong evidence mat such peptides based on the 

KXFFYR sequence can be used to modulate hormone responsiveness by 
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influencing the binding of calretteufin to the hormone receptors in Bve cefe. 
Thus in the experiment described, the KLGFFKR was able to effectively 
compete for cabetfcuSn binding with the KGFFRR sequence in the retinoic add 
receptor. This activated the catreticulin-bound receptors resuKng In increased 
5 transcriptional activity. 



Table II 

OVERMGHT INCUBATIONS 



Pisiiicubittons 


ConcMtfBtiora 
nticraiiiolar 


Luciferasex 
10* 


Beta-gal 


Corrected 
vahaw luc/bgal 


KLGFFKR 


10 


13 


0.395 


32.91 


KLGFFKR 


50 


20 


0.443 


45.15 


KLGFFKR 


100 


28 


0.452 


61.85 


KLRFGFK 


10 


14 


0.333 


42.04 


KLRFGFK 


50 


16 


0.387 


41.34 


KLRFGFK 


100 


14 


0.434 


32-26 


Control) 










no retinoic acid 


0 


0.17 


0.348 


0.49 


1(T 7 retinoic acid 


0 


8.3 


0.323 


25.7 



10 



Example 7 Peptides Having Dlfftreritlal SpecrflcWeafor 

Dianiptlng Different Hormone Racaptoi^Calretteulin 
iiiiaiabuuiia 

To identify such peptides, we utilize gel mobiity shift assays (see 
is Example 3) in which known concerttattons of purified recombinant androgen 
receptor, estrogen receptor, retinoic add receptors (RAR/RXR and RXR/RXR) 
(Shago ef a/., 1994) and vitamin D receptor (Xu era/., 1993) are incubated with 
known concentrations of either recombinant calrebcufirt, or cabeticuln purified 
by afftnrry ctawiwrtography o a KLGFFKR affinity column (see Example 3) in 
20 the presenoeof the respective "P-taberted DNA response elements and known 
corwentrations of synthetic peptides based on the KXFFYR sequence. In 
addition to the linear peptides, some peptides are cyeftzed by adding cysteine 
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residues at either ends. These experiments result in the identification cf 
peptides wriich have distlnd antag^ 
different hormone receptors with calreticuHn. 

In order to derive peptides which might be apecifte for receptor over 
5 another one, we have undertaken the syntriesisoifaseriesof peptides Iteted in 

» 

Table III. 

Table IK 



Proposed Peptides 


Variants 


Exploring 
Protection 


CJlfJtVlllltJ 

Hydrophobic Potch 


RKFFGK 




X 




eXCKGFFKR) 


D^vninoaGid 
version 


X 




FGKKRK 


snottwf 

wGeweTTsWesWI 

ESES2L — 


X 




Ac-KGFFKR 


- -* * ~ * — 1 

AONyiMBQ 




X 




KGLFKR 






X 


KGFLKR 






X 


KOVFKR 






X 


KGFYKR 






X 


KGPFKR 






X 


KGFPKR 






X 


KFGFKR 


Inversion 




X 


KGDFKR 






X 


KGFKOR 






X 



io These peptides are being tested in p^ mcbslly shffi assays (deacribed in 

Example 3) using equivalent concentrations of various receptors: retinoic acid 
receptors (RAR/RXR), vitamin D receptor (VDRX estrogen receptor (ER), 
androgen receptor (AR) and glucocorticoid receptor (GR). and their respective 
DNA response elements. These experirnerrttiderrtifys^ 

t5 against IndMduaJ receptors. 

ftetminary experiments using the RAR/RXR. RXR/RXR orVDR/RXR 
receptors Indicate that the KLGFFKR peptide b 10-feld more potent against the 
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VDR/RXR rwterodimer compared to RAR/RXRhrterodlm8r, and l«4-fold mora 
potent against the RXR/RXR hetorodimer compatrt to IhaRAR/RXR receptor. 

Our data have also identified the amino ados within this sequence which 
are crucial for actMty as shown in Table IV. 



Table W 



Relatiw Ability Of Peptidse To Reveiw 
AcMReceptom(RAR/RXR)Blndty^ 



KL6FFKR 
KLRFGFK 

f 1 1 n Ih !■ rl 



% Reversal 



QLGFFKR 
KLDFFKR 
KLORFKR 
KLGFRKR 
KLGFFOR 
KLGFFKO 



100% 
34% 



45% 
73% 
24% 
20% 
86% 
22% 



The most critical amino adds appear to rjeF.F.andRtotheeequenee 
KLGFFKR. Ttiesethieeeffllnoadtoaieooinpfc^ 
nudear hormone receptors as well as in Integra*. 

Thus uskig the RAR/RXR system in geTmobflrty shift essays, the two 
phenyalaritoes,aswe«aatrwtw 
essential, since substitution (»f these rew 

activity (Table IV). 

The peptides Identified from these gel mobity shift assays are being 
used in ceWar assays described below. 

Retmoteaddiscautoi n w l H c pe n t M sa; These are tested In the P1 9 
retinoic add induced naimiial dif^^ 

Vitamin D-receptor speealc peptides: These are tested in the 
MC3T3-E1 osteoblastic ceRs which can be induced to differentiate into 
ostsobteste and form a <»ldled matrix (m ThoebKy 
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to mineralize by monitoring **Ca incorporation is determined alter treatment 
with peptides. 

Estrogen-receptor tpectflc peptides: These are tested for abiWy to 
modulate estrogen-responsive breast cancer cell Bne proliferation. ER positive 
3 cere, e.g. MCF7 and T47-D are used. 

Androgen-fttceptor specific peptidea: These are tested in prostate 
carcinoma LnCAP cafla which are androgen responsive and express the 
androgefKeceptor. 

Oiucocoftlcoid-receplorapecHte aaaaya: These are tested In 
10 dexamamasone treated peripheral Mood lymphocytes. 

Example 8 Regulation of Endogenous Level of Exp ress ion of 
Cauooculin 

In murine P19 entbryonal carcinoma eels, overexpression of caJreHculln 
t5 irire^aMrerierettoieaddreapon^^ 
qdreticuinrjyantisonsocONAta^ 

retkioie add response (see Examples). In order to deterrrdnavHiether such 
niKlulaiton of caJr«tteuln expressk^ 

to omer steroid hormones and vitamins, the PRC-CMV based calretfcufln 
20 vectors CAL-1 (sense cONA) and CAL-2 (anbsense cONA) are used to stably 
transfect mouse osteoblastic calls (MC3T3 E1), chicken osteoclast precursors, 
normal rat mammary epithelial core (Oaicy ere/. J901) and ohe^ 
tra n sf ormed rat mammary adenocarcinoma eels (ATCC CRL1743). as wel as 
estrogen and progesterone responsive human cibsM coheres oa»(MCF-7 
25 and T47-D). Calreticulin expression leveb ^ 

at tr« outset by Western Uotanaryab. In ao^irto to uffizir* these stable 
expression vectors, we construct inducible caJratfcu&n expression sense- and 
arrtisense^>NA expression vectors drr^ 
(Fibnusoraf.,1992). The IndudWe vectors allow us to turn caJrettouBn 
M expression on or off at vyfll. intr»MC3T3c»teJ,25dirrydroxyvr^^ 
proOferattve effect on these core a* aubcorrlluorcy, but when added to 
confluent, mineralizing cultures, H enhances the mineralization process. The 
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transacted cetb are analyzed tor the level of calrellculInexpreswonbyVVb^ 
btotanaJyifcasdwcri^ 

for mRNA levels. The effect of up or down legulallonolcalieliculnto 
determined in terms of the above mentioned responses to 1,25 
, dihydroxyvitamin D3. In addition, the effect on the expression of vitamin D 
rel poreiw*nae.sueh» 1993)* 
determined by Northern Wot and Western blot analysis. These ceils are 
trar*fectedwim a reporter ca 

(VDRE) driving the lucrferase gene. The hxaferase activity in mock transfected 
o versus caketk^serise-arKlar^ 

inducible) Is then be determined as described by us previously (see Example 

6). 

Sfenlar eaperiments are carried out In chicken osteoclast precursors 
v^drferentab^ 

is etaJ.,1993). 

The effect of modulating calr«ttoMln levels on trie glaiidular 

differentiate of non^ 

culture nwdel of dffleiertlatton (CH»cy. 1991). Since steroid hormones such as 
eatioaenaridprcfleslBro^ 

aHadofcalretk^ SlrnBady. the effect of 

modulanng ralretaifin expression in 

estrogen, Tarnoxrfen,proc«tero^ smoB ,n 
cell Ines such as MCF-7, estrogen induces prdrferation. whereas Tamoxifen 
and alMrans retinoic acid inhibit proWeration (Pratt et at, 1993). mc^Wng 
25 ofceticullnlevebiesiiteta^ 

another one. Modulation of calrettcuin leva* is therapeutical slgnificent in the 

control of breast cancer. 

In addtton to altering calretlcuBn levels by cDNAtiansfectlon.we 
determine whether calrettaita expression to ri^ 
jo cytokines or steroid r*m»nes «vJ v»am^ 
promoter of tie human calretlculto has been 
(Michalak, 1992). It does not give any specific dues as to Its regulation. In 
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addlton.ftlscoiKewabtethatma^ 

l^ataposWranBcrWIonaltovel. Factowii^awtoowntoWhjenwthe 
proiiferatton and <affwwltellon of the above eel lyp« 
fcf osteoblast* IL-6 for os t eo cl a st s ; EGF, FQF and TGF-b for mammary 
epAMiaiceta) are evaluated init^. We have aheadydetamiinadthat 1,26 
dtrrydroxyvitamln D3 upiegulatM 

Knowtodge about the endogenous regulation of expweilon el calm^ 
in vivo manipuJabon of nuclear hormooe recepto-^atetteufin Interaction. 

Examples Modulation of Hormone Racepter^reticuUn 
inierectlonbyPeptWe^Pep^ 

VI*haveden»ri»tJ«ledtriatsy^^ 
KXFFYR can behave at compatMve hhWtoriofcatelJeta^ 
raoeptor iraeradton (see Example 7). Thtewaaderroiatratedbygdinobity 
shtt assays. When incubated wth the wiclearhoimefiereeeptorand 
pglr^fan th» pyMM can iwm the abBv cf cakeMcufln to Inhfaft receptor- 
ONAbMinghvfta SirweasciBmoledpepbaewaecor^ 
this assay can dtoltogutsh pepiJe sp eclflctty. These data suggest that the 
Interaction of calrotJculto 
rnare>ittsd with such peptides. 

We use the gel rnobity ehiftaesay and awliogen receptor as v#elae the 
rettxlc add receptors (Shagoef a/.. 
»»h the rOCFf^R sequence am oib^ to 
Tlwi isdone by syntheekiig peptlte 
then testing them for their acftrly to gel mobstyehW assays^ 
pievkMisfy (see Example 7). Results from theaaexpeitnTeritsldef^ 
aninoacio* to trito sequence iiio^ 

The nudaar hormone receptore can be subdMded into hvo calegones, 

the sa^ receptors, vmich include b^ 
raeeetor, naneraJoccftieoU 
hoiwio n eftetjrio to add receptor g^ 
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thyroid hormone receptor and vibwilnDieeeptor. UnBco the firs t category, this 
tatter category of receptee* bind to their DMA response elements as 
hetsr«£marswithRXR. The above experlniento therefore defto 
motif fora receptor from each of these two catagor*»l.*andioaei» receptor 

5 andre«noicaeidreceptore(tWVRXR;R^^ Subsec^wm experiments 
ere then be carried out with other receptee such as estrogen receptor and 
vsamin D recaotor. 

Tha fWomaJn of catofculn {Michalak etaU982) has been impact 
intheiMaitclloflvnlhthaglucocoro We have prepared GST- 

to fusion pictoina in Eccfcomisa^ 

dc«iiai\P4offlaiiorlheC4Joniain. Each cf these recc<nt>irtarrtprotajr« to 
tasted in gel moba^ stilft aasaya (ac^ 

tr^enecthfeneseiitTWbMn^ The receptors we use 

■WalywIbetheandQoanieceptor P19EC 
is caftswVerocees are also transient^ 

containing the N, P or C caJreticuIn dcrnairts, and their effect on hormone 

irrfuced gene expressiw determined as 

Examples). Once we have ideritified the calreticu^ 

with the reosptore we use proteolytic negments of tte 
20 {operated by prctoolytfccleava^ 

»jrtherdeftiatr«rrMmalpeptB^ If 

a Miliciently sma« peptide is fo^ 

wfthki that sequence wi be evaluated 

25 Example 10 Prepaia^ ai i d tw u^ of delh^ externa to 




After we identify peptides capable of Inhi^ caivtlcuBn^aceplor 
I ntaiBCtlo w tov^weBBii To do this, 

30 the peptides ere h mm pmate d into calionieapldvesl ct BB ripo8cmee,8uche8 
I1pc>rectin) and Incubated wto To assess 

tntamafeatton of the peptides, some peptides are conjugated with fluorescein 
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IsothJocyanate (FITC). Alter incubation oftteHposomeswtth the oeto for 
different time periods, the cells are examlr^ tylmmunoftourescenca 
necroscopy to assess inrtracaflular accumulation. The biological effects of the 
peptides are determined by assessing hormonal eenslti^ of ffw target cells, 

5 expression of primary response genes by Northern and Western blot analysis, 
and horrnone-induoed expression of luciferase reporter constructs containing 
various response elements, descrfoed in Example 6. The target cells and the 
hwmone responsive parameters to be used aredescrtwd in Example 7. 
These experirnerrtodetern^wtiether^ 

to 7 ate function at tnecelutarie^ 

caketoto I n ter a c ti on s . Once we optimize the peptoeeellvery systems and 
achieve the piedicta^ceWar re 
animal model systems such as bone tarnation hth* mouse, art 
gland dWererrtfatton. F<)r trie termer, primary ottac^ias^ 

is carvaiim are reeded into tftep>itB^ 

ostec«8stedMterentiatetoform The effect of local or 

systemic a un w fe tr att on of peptkte-llposomes are then assessed in this model. 
Similarly the effect of the peptides m normal marrmaryrjla^ 
alter injection of normal rat riwnmaryepilheWoete 

20 (Oarcy. 1991) are assessed. Ifthe peptides aretoundtobeeflecttwein 
Irdlueiica^ the s e processes then W 
and growth and tfifli&nMitlatiwofhum 
in nude mice are determined. 



The fosowing examples relate to the manufacture and use of 
pharrnaceutfcals to treat particular diseases, including cancer, osteoporosis, 
and chronic Irrftamrnatory disease, using pharmacetficels comprising a 
so protein for use In modulating hormone responsiveness and a carrier. 
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Example 11 Method off Treating Prostata Cancer 

Prostate cancer is the most frequently diagnosed invasive cancer and 
the second most common cause of cancer death in men in Western societies 
(Boring, 1993; Coffey, 1993). At present, prostate cancer patients are 
diagnosed wHh either iocaly invasive, or disseminated disease, end the 
cunentry avaftabfe forma of traalrr^ 
onypaaUbVe<Scaidmo. 1992; KoxtowsM, 1991; Santer. 1992). 

AMhough primary endocrine ablation leads to an initial response in about 
70% of pabants with advanced dbease. niostpatiento relapse vAmin three 
years and only about 20% survivefortve yeew(Kojlow8W.1991). This rapid 

progression of prostate cancer folawirgfejtoraof pftrary 

attributed to andragan^o^panctantb^ 

In some aixirogen-insensftrve rat as well as rwman prostate cancer eel 

lines, androgen independence is associated wtft a loaa or decrease in 

androgen receptor (AR) rnRNA and protein levels (Quarmby, 1 990; Tiley, 

1990). However soim prostata csrdrioira 

retain AR expression and androgen sefw«vity(e.g.Ln CAP eel line). 

Furthermore there is evidence that some prostata carxser cells wrnich continue 

to grow after initiation of anttandrogen therapy retain expression of AR (van der 

Kwast 1991; Ttlley, 1994). Similarly, AR expression b retained by androgen- 

iridependent mouse mammary tumors (Dabre, 1987). 

These observations suggest that rnectanlsrwotrieTtrOTto 

expression are irrvoh^ In the progression 

One explanation could be the presence of mutations in the ARQene in a 

subpopulatkmc^turrnrcelsv^re^ 

steroids. Indeed muWtona In the AR gene have been o^SKlsd In prostate 
cancer cats, altriough their significance to 
Ariotrw explanation rnigHJwal^^ 
oomp«>ertBvmkii regulate ARactr^ 

As described in previous Examples, calreticulin. can bind to nudear 
honrK^racep^ by interacting The Interaction 

results In a profound inhibition of nudear hormone receptor DMA binding 
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activity which can be reversed by soluble competing synthetic peptides with tto 

genetic sequence KXFFYR. 

The level of expression ofcafreticulin in prostate arxlroc^vdependent 
and Independent prostate cancer cells could have sigriificarit effects on 
androgen receptor adrvty. Furthermore, exp eri menta l maniputation of 
calretkafn levels in prosta^ 

andro*weeeptc* activity. InwWHoathelrtetacllwofai^ 

with calreticulin could be taken advantage of. theorelicaSy, by utizing 

(alietfwmiorcaketkai^ 

inrubrtion of androgen receptor dependent prostate cancer ceil growth. Such a 
therepeusc strategy mlgM be particular 
jrritpendert prostate caricerawN 
andwMchmayWndtoDNAintrie 

CalretteutaexoiBsstaiiito 
fracttoroffOThwiwip FXM46. UiCAP. as 

wrtashigrtylrwaslvevHr^ (Dedjar. 199*) is 

deterrrinedbyVvestembWan^ 

calre«culnaritJbc^ 
Expresstonatthelevel<»frnRNAl8carn« 

Calrettoto expression In th^ 

androgens (for LnCAP cells which express AR, or for PC-3 eels transfocted 

with AR, see below), retook: add, 1 ,25 dlhydroxy vitamin D3, and growth 

fachars such as epidemial growth factor a^ 

A subset of a large (>125) tissue bank of frozen human prostata cancers 
j (Sunnybrook Health Science Centt were treated with ri» 

ablal^trterapyprkKtoresectkxi. Each frozen Nock hat been hWotogicaly 

characterized. The bar* also eoitalriarwmiori^^ 

specimens end win accrue fresh bond marrow nietastases from warm autopsies 

on patients crying erf amirogenresto^ These tissues are 

M fteeV available Ibrtheaf*^^ 

cafretfculn expression In urrtteated.rwxTTwnally treated 
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Calreticulin expression fan cryostet sections is determined by 
kwnui^lstochemtetiy using the avWln-btath complex method described by 
Hsu at a/.. 1981 as well as by in sHu hybridization using ardisensecDNA 
calreticdki probes as desert These procedures are 

performed n Dr. MeiKstab^ 
basis. Simuttaryxxa<teterrnhali™^ 

tissues on serial sections are earned 1994 >- 

Oversxpression, or inhibition of expression of cahaticulln is carried out 
by stable transfecaon of sense (pROCMV-CaH) or antteense coR<>CMV- 
Cat2)(Dedhar, 1 994) cWW expression vectors into LnCAPorARaxpceselng 
pc^cats. AR expressing PC3 ceRs aw obtained fiom Dr. Paul Ronnie, 
Vancouver. B.C. Wa haw previously described ^ut»^d«^caliBtlculin 
expression vectors h inaiii|H^ 
Triesecete are also fiajisf«*e^ 

expression vector. This expression plasrnki, pUHDIO^CAL. has bean 
cwistructsdarKlcalretlaita 

viaatetracycltvcperatois. Calretlculn expression levels are determined by 

Western blot analysis as described above. The responsiveness of the 

transfected eels to androgens, in terms of cell growth, Is then determined. Cefl 

grcv/* is determined by counting cell numbers as weflas Dy ^Whymkline 

incorporation. CaJreliculincverexDiesslonm 

androgens, whereas hhWrJon of calreliculin expression nw^ 

sensitive, as was the case for rettnoic acid reapowlveness in ECP19 eels (see 

Examples). Stable overexpresslon crfcaJretic^ 

caidum cwicentrattons, and tl*iefomthec*sefvedeiBCtoon 

sensrtMtyarenrtduetoeflscboncsWumle^ 

The caketfculin transfected cells is compared wrxh the parental or mock 
ijaraiactBd caSs for their aMte 
sulxajtaneousin^^ 
, Theo^hrtcalreticuBnv^ 

has been identified as the globular N-domaln. TNadorralncortaJnaapulalive 
ATP binding site and recombinant calreticurri can be phosphorytated in w*ro on 
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a serine residue within this domain (Leung^agesteijn. 1994). We have 
prepared GST-fusion proteins In ECoff consisting of the full length human 
calrebcutin, the rwomaln, P-domain, or the acidic C-domaln. Each of these 
recombinant peptides is tested in gel mobiity shift assays for their effectiveness 
in the inhibition of andtogen mcsptor-ONA interaction (see Example 9). These 
domains are tested for their effectiveness in inhibiting androgen mediated gene 
expressing by transiently expressing them in LnCAP or AR-expression PC-3 
cells (described previously). Once we have Identified fie calreticulin domain 
vmich irtoracte with the androgen recep^ 

domain, based on previous work, see above), we oath* proteolytic fragnnente 

from these proteins (by Imfted pioteolvtte cleavage using vaito^ 

and purification of peptides by high pressure liquid chromatography), and utiize 

tiese in geirnobffityshrft assays to further 

required for Waraca^wllifteaiKlrc^ receptor. If a sufficiently small 

peptide is found to be active, then svnthetepeptktesfromwithta 

are evaluated further. 

Peptkka capable of mhtoitir« 

In order to test the effWe«v of theM 

irx»rporatedlrtocattonfc 

incubated wHh the eel types (see Example 10). 

These experiments determine whether the pef^ defined above are 

functional at the cetular tevel In antagonttig Iwnnone recept^ 

Interactions. Onwwehwcptimizedthepsptkted 

achieve the predictable cellular responses, wa test these peptlde^bosomes in 

animal model systems described above. 

These peptides, In conjunction with current protocol of androgen 

ablation, are useful in toWbiting anoYc)gsn4eceptor mediated prostate cancer 

cad growth. Thte strategy is useful net only In the ean^ 

sensitive tumors, but also in more advanced androgeiwesistairttufnore 
i may express normal or mutated ARs which can toduceceO growth in en 

aridrogervindependent manner. In such tumors, the maintenance of high levels 

of calreticulin expression, or of admhstratlon of calreticulin-based peptides 
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(derived as ctescribed above), or peptide mimetics, provide a riewrnode of 
therapeutic intervention in the tnhbfflon of prostate cancer cell growth and 
progression. 

s Example 12 Method of Treating Breast Cancer 

Here, we use a similar protocol as for prostate cancer (Example 1 1) 
but use proteinsMwmetic selective for estrogen. Transactions are made into 
MCF-7. T47-D human breast cancer ceils lines instead of LnCAP. For patient 
treatment, the peptides or their mimetics, or calretteuHn or Ms mimetics are 
to deHvered in lipid vesicles prepared as described in Examples 10 and 11. 



Example 1 3 Method of Treating Chronic inflammatory Disease 

The debWating syrnptomaof ehrorfcinfternrnato^^ 
arthritis arise from inadvertent immune responses. Steroidal compounds are 
is major immunosuppressive agents often used in the trterapy of cr*onfc 
inflammatory diseases. The response to euch therapy may be dramaocaly 
augmented by the co-administration of calretk^ir>4iormone receptor 
antagonists based on the rWFW sequence. Such peptides, or their organic 
rmmeto.maydrarratk^wta 

20 those i»ceptorav*k*nw betook 
the use of lower conoartfrrtions of tte ^ 

side effects. The mode of delivery of such peptides or cfgaracmirneties 
would be in lipid vesicles described in Examples 10 and 11. 

25 Example 14 Method off Treating Oeteoporoeie 

Osteoporosis results from an imbalance in the rate of bone resorption 
versus bone formation. Specifically. In post menopausal women, the 
(iecrease in aysteinte estrogen levete 

the face of continual osteoclast mediated bone resorption. Estrogen therapy, 
M by using estrogen analogs which may specrficaBy enhance osteoblast 
function and bone formation Is under intensive study. The co-administration 
of KXFFYR based peptides or mimetics specific for the antagonism of 
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10 



^reticulin-estrogen receptor interaction would be highly beneficial tor tWa 
treatment Such peptides or mimetics may dramatical increase the efficacy 
of estrogen analogs used in such therapy. 

An alternative approach far the use of calreticulin based therapy might 
be inhibition of osteoclast differentiation. The oWer enteBon of mature 
osteoclasts from osteoclast precursors to enhanced by Vitamin D3. The 
specific inhibition of the vitamin D receptor by calreticulin based mimeocs 
could therefore result h the suppression^ 
resorption. Combined therapy of increasing bone formation and down 
regulating bone resorption may be an effective treatment for osteoporosis. 

The peptides or mimetic* would once agein redelivered by rnethods 
described in Examples 10 and 1 1 



20 



ts 

The present Invention has been deeerfced In tenns of particular 
embodiments found or proposed by the presort Irwentor to eemiJrise 
preferred modeefbrtheprBCto^ ftwiilbeaporeciated by 

those of skill in the art that, in light of the present disclosure, numerous 
rwriifk*ta«andcta^ 

emiripiaedvrimout departing torn the iiitend^ For 
example, due to cotton redundancy, changes can be made in the underlying 
DIW sequence wrttaxrt affect Moreover, due to 

biological functional equivalency (^derations, changes can be made in 
prote* structure wWwuttf M 
suchriH)diffcab^areir*ndedto 

appended claims. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMS ARE DEFINED AS FOLLOWS: 

1. An isolated and purified product for use in modulating hormone 
leaponsivenoiw. 

2. The product of claim 1 , wherein the product inhtofts hormone receptor 
induced gene transcription. 

3. The product of claim 1, wherein tto product pionKrtes ho 
induced gem transcription. 

4. The product of claim 2. *hewlntr*p«duct binds to tto 
seauencerO<FFYR,wriefernXieG,AorVandwr»^ 

wherein the product is selected from ■ group consisting of calrebcufin 
and a mimetic of caswbcuan. 

s. Trie product of dslmdaim 3. when^ 

add sequence KXFFYR, wherein X is 6, A or V and wherein Y is K or R. 
and wherein the product to a synthetic peptic which Wnds to calreticuBn. 

6. An isolated DNA molecule encoding an amino add sequence for use In 
modulating hormone responsiveness. 

7. Tr^isdatedDNAnrwIet^ofdalme, wherein trie niolecuie encodes a 
fbit amino add sequence that bhdstoaseeoi»daitilnoaddse^uen» 
KXFFYR, wherein X is 0, A or V and wherein Y is K or R, and wherein 
the first amino add sequence is the sequence for calretlcuilncf for part 
of a mimetic of calretfculn. 

8. Amettodoftreatingadteeasoina™ 

hormone receptor induced gene barrscripuon In a ceH 

9. The method of daim 8, further comprising regulating the activity, quantity 
or stabttty of a protein for use in hormone receptor induced gene 
transcription. 

10. The method of daim 0, further comprising adrdristertng to the mammal 
a ptarmaceutfcai comprising the protein and a earner. 
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11. The method of damn 9, wherein the protein binds to the amino acid 
sequence KXFFYR, wherein X is 6. A or V and wherein Y is K or R. 

12. The method of claim 9, wherein the protein is one selected from a group 
consisting of catreticuln and a mimetic of calretfcurin, and wherein the 
carrier is a Rpid vesicle. 

13. The method of claim 8, wherein the disease is one selected from a group 
consisting of breast cancer, prostate cancer, promyelocyte leukemia, 
solid tumors, chronic inflammatory disease, arthritis, and osteoporosis. 

14. The method of daim 8. further comprising decreasing or eliminating the 
o^jaritftyof<»lretk»lnr^resentintheeel. 

16. The method of daim 8, further comprising decreasirgtfwstab^ of 
cBlreticiin present in a cell. 

16. The method of daim 8, wherein the rKairane receptor Is one selected 
from a group consisting of: glucocorticoid receptor, rrfnerolcortleoW 
receptor, androgen receptor, progesterone receptor, estrogen receptor, 
retinoic add receptor, thyroid hormone receptor, vitamin 0 receptor and 
orphan receptors. 

17. A lot containing a pharmaceutical comprising a protein for use in 
modulating hormone responsiveness together with a carrier. 

18. The kit of claim 17, wherein the protein binds to the amino acid 
sequence KXFFYR, wherein X Is G, A or V and wherein Y Is K or R and 
wherein the protein is calreticulin or a mimetic of rarrettcuHn. 

19. The kit of daim 17, wherein the carrier is a lipid vesicle. 
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FIGURES 3A&3B 
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